Abstract This cross-sectional study has investigated the diagnostic and therapeutic management of patients suffering from multiple sclerosis (MS) in the Campania Region (Italy). A survey involving all the reference centers for MS in Campania Region was conducted from March to August 2011. Centers responded to a web-administered questionnaire on management and clinical characteristics of MS patients. In the study period, 3263 patients (mean age 37 years, 66 % females) accessed the centers. Patients received a first diagnosis of MS in 161 cases (4.9 %). About 37 % of the subjects without a previous diagnosis came to the centers on their own initiative. All patients underwent a complete neurological examination and expanded disability status scale. The other most common investigations were magnetic resonance imaging (44.0 %) and evoked potentials (22.1 %). The number of treated patients was 2797 (87.1 %). The most used drugs were interferon b and glatiramer acetate. The time between diagnosis and initiation of therapy exceeded 6 months in 32 % of cases. Second-line drugs were under-used: 16 % of patients who might benefit from them show high clinical and radiological disease activity despite treatment with immunomodulant drugs. The MS care management of the surveyed centers showed consistent margins for improvement in 2011. Even though these data do not represent the current situation, they can be used to monitor improvements in MS care.
Introduction
Multiple sclerosis (MS) is a chronic immune-mediated neurologic disease that results in progressive disability over time and affects approximately 1-2.5 million people around the world [1, 2] . Women are more likely to develop the disease than men with a clinical presentation usually between 20 and 50 years of age [3] . The goals of the symptomatic and disease-modifying therapies are to improve quality of life, reduce relapse rate, prolong remission, limit the onset of new MS lesions, and postpone the development of long-term disabilities. [1] The availability of new disease-modifying therapies has improved the natural course of the disease, but it can be affected by the different reimbursement policies of healthcare plans, and this may lead to unequal access to these drugs [4] .
A timely access to care and drugs is important because as it is widely recognized that ''what is lost, is not regained'' [5] . There are also strong evidences from large clinical studies demonstrating that early and proper immunomodulatory treatment is effective in reducing relapse activity, magnetic resonance imaging (MRI) lesion load, and disability progression, even though it is also expensive and potentially toxic [6, 7] .
Furthermore, with the introduction of a highly sensitive brain MRI, the fraction of milder MS cases, and thus patients to be addressed to early therapies, will likely increase [8] .
Taking into consideration all these aspects, it should bear in mind the importance of a multidimensional approach which ought to be coordinated in a dynamic process provided by well-organized care centers. In Italy, MS patients may refer to centers which are devoted to their care. Despite the recent incorporation of new treatment approaches early in the disease course, care providers still face difficult decisions on the therapeutic approach and when to initiate or escalate therapies. Such decisions require a proper assessment of relative risks, costs, and benefits of new and emerging therapies, as well as addressing challenges with adherence to achieve optimal management and outcomes [9] . All centers should agree on protocols and procedures in order to provide patients with an optimal care according to the available resources.
This pilot study, conducted in 2011 in Campania, the third Italy region in terms of resident inhabitants, (a) investigates the diagnostic and therapeutic pathways and the demographic and clinical characteristics of patients with MS and (b) aims to provide evidence about health demands and needs to address health care planning. The year 2011 was important because of the dawn of a new era in the management and treatment of the MS. Before that year, the Italian Medicines Agency (AIFA) had already authorized reference centers to prescribe and administrate under the ''MS therapy'' label the interferons and glatiramer acetate. Natalizumab and per os immunosuppressive drugs were prescribed as second-line drugs. Among immunosuppressant drugs, only mitoxantrone has an indication for MS as it is approved for patients with aggressive forms with frequent relapses and progressive forms with relapses during the progression of the disease. In 2012, AIFA authorized prescribing fingolimod [10] . In 2014, AIFA authorized prescribing teriflunomide [11] and in 2015 it authorized prescribing dimethyl fumarate [12] , both with the same indication. Moreover, also diagnostic criteria and phenotypic classifications had recently evolved [13] [14] [15] . Even the England's National Institute for Health and Care Excellence (NICE) guidelines were recently updated (in 2014), an important fact considering that Italy never adopted any official guidelines and that in Europe only a few other countries have guidelines for the management of MS [16] . Therefore, year 2011 can be considered a sort of ''baseline situation'' before all these considerable changes occurred.
Materials and methods
This survey collected aggregate data on the activity of the MS centers of Campania region during a 6-month period from March to August 2011. Referents of all the MS centers were contacted and were asked to complete a questionnaire (''Appendix'') form through a dedicated Web portal. The questionnaire, including 30 questions, was developed by the Institute of Public Health of the Catholic University of the Sacred Heart, Rome, and validated by clinical key opinion leaders. The survey investigated the diagnostic and therapeutic management of MS (5 and 11 questions, respectively), but also the demographic and clinical characteristics of patients followed at the reference centers (6 and 5 questions, respectively), as well as logistics (2 questions). Data were collected from patients who have been diagnosed with MS in different years, and therefore different diagnostic criteria have probably been used in order to make the diagnosis. However, all patients were classified according to the McDonald criteria delivered in 2010 [13] .
One other question was conceived to classify patients by clinical picture according to the main clinical indications of the new available drugs used in the MS treatment, aiming to identify subjects who may benefit from them and subsequently assess missed therapeutic opportunities. In particular, centers were asked to report the following information:
• number of patients suffering from an RR-MS with expanded disability status scale (EDSS) between 1 and 5.5; • number of patients suffering from secondary progressive MS (SP-MS) with EDSS between 3 and 6.5 and at least 2 relapses or 1 point increase in EDSS in the previous 2 years; • number of patients suffering from RR-MS who were treated with interferon or glatiramer acetate and had at least 1 relapse or showed at least 9 hyperintense lesions on T2-weighted MRI or at least a gadolinium (Gd)-enhanced lesion in the previous year; • number of patients with high disease activity (defined as the presence of at least 2 relapses or 1 relapse in therapy with incomplete recovery and residual disability not inferior to 2, and the presence of at least 9 hyperintense lesions on T2-weighted MRI or the presence of at least one Gd ? lesion in the last year) despite at least 12 months of treatment with interferon or glatiramer acetate;
• number of patients with the increase of brain MRI lesion load and at least 1 among unchanged or increased relapse rate and the presence of severe relapses despite treatment with interferon or glatiramer acetate in the previous year; and • number of patients who could benefit from a symptomatic therapy aimed at relieving fatigue and improving motor impairment.
The reference centers were subjected to a first call and to a second recall to adhere to the survey. During the two calls, ad hoc requests were sent to every single center in case of inconsistencies. A descriptive statistical analysis of the sample was performed with SPSS 12.0 software for Windows. Analyses were weighted for the number of patients followed by each center. Inconsistent data for which no clarification came from the reference centers, even after solicitations, were considered missing. When data were missing, the absolute number of subjects with available data was specified. In such cases, relative frequencies were calculated based on the number of available records.
Results

Main demographic and clinical characteristics of the population
Overall, 3263 patients suffering from MS were observed at least once in the reference centers of the Campania region during the 6-month study period. The median number of patients seen per center was 136.5 (range 30-1286). The average patients' age was 37 years, and the ages ranged from 5 to 75 years for males and from 10 to 74 for females. At onset, 2273 (71.7 % out of 3170 with onset data available) were aged between 20 and 39 years, with a wide majority of patients being diagnosed in the 20-29 age class (1392 patients, 43.9 %). The number of females was 2167 (66 % of the sample) and that of males was 1096 (34 %). Data on residency were only available for 2858 subjects (87.6 % of the sample). All these patients, except 162 (5.7 %), were residents in Campania Region. All nonresident patients came from bordering or other southern regions of Italy. At diagnosis, 70 % of patients presented with an EDSS between 1.5 and 3 (data available on 3114 patients). Twelve point five percent of patients had a score of less than 1.5 and 17.5 % had a score greater than 3. The majority of patients had a disease lasting between 2 and 10 years (28.7 % between 2 and 5 years and 34.2 % between 6 and 10 years), and only 10.0 % of patients had a disease duration of less than 2 years. At the time of last visit, 2925 patients had a clear distinguishable clinical picture. In particular, there were 137 (4.7 %) patients suffering from clinically isolated syndrome (CIS), 1904 (65.1 %) RR-MS, 344 (11.8 %) SP-MS with relapses, 332 (8.4 %) SP-MS with no relapses, 141 (4.8 %) primary progressive MS (PP-MS) with no relapse, and 67 (2.3 %) PP-MS with relapses.
Management of multiple sclerosis
One hundred sixty-one patients received a diagnosis of MS or CIS among 293 who had their first visit during the study period (54.9 % of all the newly observed patients). Table 1 represents data on the origin of patients referring to the centers. Of the 445 patients receiving a diagnosis at one of the reference centers, 166 patients (37.3 %) came by their own initiative and 165 (37.1 %) were addressed by a specialist doctor. Of the 210 patients who received a diagnosis of MS elsewhere, 120 (57.1 %) came to the centers by their own initiative and 57 (27.1 %) were sent by a specialist doctor. In both situations, medical specialists addressing patients to the centers were mainly ophthalmologists, followed by neurologists. 1-65) ; the percentage varied between 2.5 and 21.1 % among the different centers. Table 3 shows absolute and relative frequencies of 2797 patients categorized by drug treatment. Interferon and glatiramer acetate were the most prescribed drugs, while per os and intravenous immunosuppressant drugs and natalizumab were administered in only 3.3, 1.8, and 5.4 % of patients, respectively. The elapsed time between diagnosis and initiation of therapy has been reported for 241 patients in total (10.5 % of the sample) and was between 1 and 3 months in 48.1 %, between 4 and 6 months in 19.9 %, and between 7 and 12 months in 20.3 % of cases. In the remaining 11.6 % of cases, the therapy started after at least 1 year from the diagnosis (data not shown).
During the 6-month study period, 140 patients (5 % of the treated subjects) changed therapy (Fig. 1) . The percentage varied between 2.2 and 14.9 % among different centers. In 63.2 % of the patients, the reason for the change was intolerance, while in 33.1 % ineffectiveness addressed to a different drug approach. Only in 3.7 % of the patients, a switch was observed because of low treatment compliance. Data on changed drug were available only for 103 patients (73.6 % of the 140 patients who changed therapy). The higher frequency of drug switch was documented for patients in treatment with natalizumab (9.2 %), followed by patients treated with intravenous and per os immunosuppressive drugs, 6.1 and 4.4 %, respectively (Table 4 ). In the same period, 40 patients discontinued any therapy (1.4 % of 2797 in treatment subjects, with values ranging from 0 to 5.3 % according to the center). Discontinuation was attributable to ineffectiveness in 20.0 % of cases, intolerance in 32.5 %, pregnancy in 25.0 %, patient's own choice in 5.0 %, and to other reasons in 17.5 % of cases (Fig. 1) . Overall, 229 patients (8.2 % of subjects in treatment) suffered from a disease relapse during treatment, of therapeutic management, the patients were classified as shown in Table 5 .
Discussion
This paper focused on the management of MS patients admitted to the reference centers in the Campania region.
The idea was to make a snapshot of the type of critical points and needs faced by reference centers in charge of MS patients' care. As emerged from the survey, a great number of patients suffering from MS (3263) accessed the reference centers in the 6-month period. According to the estimates of the Italian Association on MS (AISM) in 2010, the number of people affected by MS living in Campania region was 5990 [17] . Consequently, it is possible to suppose that approximately more than half of the patients suffering from MS in the region had access to one of the regional reference centers during the 6-month study period. This amount of patients, according to the follow-up schedule, translates into a significant impact both in terms of work time spent in medical examinations per each access and of instrumental diagnosis, as MRI and sensory and motor visual evoked potentials are frequently used to assess patients in their follow-up. The survey confirmed this trend of use, documenting how MRI was performed in 44 % of cases but evoked potentials in about 22 % of patients, leading to relevant costs. Another important effort made by reference centers is to strictly monitor MS patients' therapeutic approach, using drugs with documented potential side effects. This was confirmed by the proportion of patients experiencing problems with treatment: of the % of treated patients, a percentage ranging between 2.2 and 14.9 % across centers needed to change therapy during the study period, whereas from 0 to 5.3 %, depending on the center, required discontinuation of any therapy. Both change in therapeutic approach and discontinuation represent a critical point for physicians, Fig. 1 Reasons for change and discontinuation of therapy in the studied population underlying how it is related to treatment intolerance or inefficacy. Indeed, the results of the survey showed that it is important for the reference centers to make a multidisciplinary approach and management of MS patients possible and timely. A further problem arises from the different clinical patterns observed in patients who had accessed the reference centers. Most of the patients were aged 20-49 years and suffered from a 1.5-3 EDSS disease (generally a RR-MS), but up to onethird of the cases showed a less typical clinical presentation when the first symptoms appeared. Our experience, documenting the use of many different treatment strategies, leads us to consider that physicians should be suggested to share as much as possible guidelines and recommendations for the management of the MS disease. Through the survey, it was observed that about one-third of all patients could benefit from a symptomatic therapy aimed at relieving fatigue and improving motor impairment and that the time between diagnosis and initiation of therapy exceeded 6 months in 32 % of cases. These results further support the need to improve sharing of therapeutic strategies. Another key aspect is the under-use of second-line drugs (around 16 % of patients who might benefit from them have high clinical and radiological disease activity despite treatment with immunomodulating drugs) which may be related to both high costs and need for monitoring possible side effects.
A high proportion of patients referring to the centers by their own initiative (37 % of the patients without a diagnosis and over 50 % of the patients who received a diagnosis elsewhere) was noticed. This phenomenon is quite surprising but has been observed with considerable heterogeneity among the analyzed centers, even if no associations were found with the number of patients followed or the type of center (data not shown). Probably, this can be explained by the fact that MS centers are often associated to neurological clinics or university hospitals, which may attract patients with neurological disorders but no MS diagnosis yet. However, the high proportion of patients referring to the centers by their own initiative may be considered a proxy of an overall inappropriate management of patients suffering from MS in the Campania region. In fact, if the management of MS patients was properly organized on regional base, a higher proportion of patients addressed to the reference centers by physicians/ specialists would probably be observed. At the same time, the fact that about one patient in twenty was resident in other regions could indicate a potential attractiveness of the Campania MS reference centers with regard to southern region of Italy. Our work has some limits which should be addressed. Above all, this study was conducted in 2011, just before new drugs became largely available or received new indications. Therefore, trends in diagnosis, access to the centers, management, and treatment may have changed in the last few years, and the results of this study should not be considered generalizable to the current situation. Another important limit is the fact that data were collected in an aggregate way not allowing to study individual patients. Furthermore, data were not complete or consistent for all the considered centers, restricting some analyses to a limited number of centers. Moreover, because of the different number of patients accessing the reference centers, also practices and management were somehow heterogeneous. In particular, EDSS raters were different in each center and, subsequently, the EDSS assessment may have been affected by the expertise of the various operators. Similarly, centers did not share a methodology for identifying MS lesions at MRI and this could have impacted the results. Nevertheless, the possibility to describe the access to all reference centers in an aggregate way may be considered, at the same time, a point of strength because it provided a regional and more consistent overview of the topic. Even if results represent a snapshot of the 2011 situation, these data can be used as a starting point to monitor the improvements in the management of MS following the introduction of new diagnostic criteria, drugs, and indications. Lastly, the paper could be considered as the first attempt to describe health demand and needs of MS patients in a whole region of the country.
Conclusion
The high number of patients suffering from MS admitted to the centers on their own initiative and the large proportion of those for whom a delay in the initiation of therapy was documented may indicate deficiencies in the system of MS care. Of interest, the results show an under-utilization of second-line drugs for the MS treatment in Campania. In fact, according to the survey, 16 % of patients (who might have benefit from second-line treatment) showed high clinical and radiological disease activity despite treatment with immunomodulant drugs. The survey led us to conclude that it is of strategic importance to provide the reference centers with the necessary resources to make a multidisciplinary approach and management of MS patients possible and timely. In the same direction, physicians should be supported to share as much guidelines and recommendations as possible for the disease management of patients with less common clinical characteristics.
